Background: Previous studies have shown positive effects of physical exercise at the workplace on musculoskeletal disorders. However, long-term adherence remains a challenge. The present study evaluates long-term adherence and effects of a workplace strength training intervention on back, neck and upper extremity pain among laboratory technicians.
Background
Musculoskeletal disorders (MSD) among the working population constitutes a challenge to the public health systems in many countries [1] . The prevalence of MSD is high in certain occupations. Laboratory technicians -e.g. doing pipetting work -show high prevalence of neck pain, shoulder pain, elbow pain and hand pain [2, 3] . Pain in shoulder and hand is associated with the duration of the pipetting work and neck pain is associated with the amount of fixed working postures when pipetting [2, 3] .
In addition sedentary work has been associated with an excess risk of low back pain [4] . Reduced workability and absence from work are common consequences of MSD [5] . Thus, initiatives to reduce the burden of MSD are needed.
Recent reviews have shown that physical trainingespecially strength training -at the work place can reduce neck pain, but the evidence of an effect on pain in shoulder and low back among sedentary workers is limited, and some studies show no effect [6, 7] . Furthermore, the majority of this type of research has focused on office workers. We recently showed that specific resistance training and all-round physical exercise had positive effects on musculoskeletal pain symptoms in the neck, low back, right elbow and right hand among office workers [8] . Even brief exercise sessions of a few minutes each day for ten weeks can provide significant reductions of perceived neck/shoulder pain [9] , decreased frequency of headaches [10] and increased pressure pain threshold [11] in office workers. Upper back pain is seldom reported in training intervention studies and to our knowledge nobody has documented an effect of training on upper back pain. The results from previous training intervention studies makes it relevant to examine the effect of strength training on pain symptoms in several regions of the upper body among laboratory technicians doing repetitive but more forceful work compared to office workers. A small study among laboratory technicians found significant reduction in back and neck pain as well as improved muscle functional performance in response to strength training with kettlebells [12, 13] .
In spite of many studies showing positive results of strength training for MSD, adherence to the training interventions especially in a long-term perspective remains a challenge. High dropout rates are often reported during the initial weeks, suggesting that motivation of the employees rapidly declines. We have recently performed a workplace training intervention study among laboratory technicians which included a waiting-list group that was engaged in strength training after half a year. It can be speculated that motivation and concomitant adherence and effects would be lower when such a waiting list group finally starts their training. We previously reported results on neck, shoulder and forearm pain from the first 20 weeks of this intervention [14, 15] . The present study describes the effect of 12 months of the strength training intervention including the training period for the waiting group and follow up for the original training group and considering more body regions.
Methods

Study design
This study reports the results of a one year cluster randomized controlled trial with two strength training intervention periods (January-June/June-January) among industrial laboratory technicians in Copenhagen, Denmark. Materials and methods have been described in more details elsewhere [14, 16] . The participants recruited were working-age (i.e. 18-67 years) laboratory technicians with repetitive work tasks. We sent an internet-based questionnaire to 854 prospective participants of which 669 replied ( Figure 1 ). 104 declined to participate or did not reply to the question concerning participation. Exclusion criteria -which led to exclusion of 28 participants -were pregnancy and serious health conditions such as previous trauma or injuries, lifethreatening diseases and cardiovascular disease. Thereby 537 participants were included in the study and randomly assigned at the cluster level to either the first training group (TG1, n = 282) or the second training group (TG2, n = 255). At 20 weeks follow-up 211 (75%) participants from TG1 and 237 (93%) from TG2 replied the questionnaires. Replied to questionnaires (n= 211).
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One Year
At the one year follow-up 166 from TG1 and 158 participants from TG2 replied the questionnaires, corresponding to 59% and 62% of the numbers at baseline. All participants gave their written informed consent to participate in this study, which conformed to the Declaration of Helsinki and was approved by the "Ethical Committee C of Region Hovedstaden" (HC2008103). Trial registration: http://clinicaltrials.gov (NCT01071980).
Description of intervention
The intervention took place over one year with questionnaires sent out in January 2009, June 2009, and January 2010. TG1 performed specific strength training for the shoulder, neck and arm with dumbbells (wrist extension, shoulder lateral raise, shoulder front raise, shoulder shrugs, reverse flies) for 20 min three times per week for 20 weeks. The exercises are illustrated in Zebis et al. [14] at http:// www.biomedcentral.com/1471-2474/12/205. Training loads were progressively increased from moderate loadings of 15-20 repetitions maximum (RM -i.e. the number of repetitions that could be performed to momentary fatigue) during the initial weeks to relatively heavier loadings of 8-12 RM during the final weeks. The exercises were performed slowly in a controlled manner. Experienced instructors supervised every other training session to ensure correct technique and sufficient progression of the training. The participants in the training group were instructed to register the training load for each training session in a personal logbook during the 20-week intervention period.
We tried to improve compliance by placing the training facilities close to the working place to reduce transportation time and distance as a barrier for not training.
Adherence was quantified from questionnaire replies on training frequency at follow-up. The reply options given in the questionnaire were: "2-3 times per week", "1-2 times per week", "1 time per week", ″2-3 times per month", "never" and "withdrew from intervention". Regular adherence was defined as participating at least once a week during the intervention [17] .
For the whole year of intervention subjects in TG1 and TG2 were advised to continue their normal physical activity as usual regardless of the training interventions. After 20 weeks TG2 was offered the same training as TG1 did the first 20 weeks (including supervision every other training session and using logbooks) for half a year until January 2010. Participants in TG1 were allowed to continue training until 2010 but without supervision or any form of guidance. TG1 was not allowed to train, when TG2 had supervised training. However, they were allowed to train during working hours as previously and the management was positive to this continued training. Since this training was unscheduled and on their own hand -probably on an irregular basis -the amount of training was not recorded.
Primary outcome measures
Pain intensity during the last 7 days was reported according to the Nordic questionnaire on trouble (ache, pain, or discomfort) in the neck, shoulders, elbows, hands, upper back and lower back [18] . The intensity of pain was rated subjectively on a scale ranging from 0-9 in the questionnaire, where 0 indicated "no pain at all" and 9 indicated "worst imaginable pain". The following questions were asked: "What degree of pain or discomfort have you experienced in [body part] during the last 7 days ?" with [body part] replaced first by neck, then by the right and left shoulder, then by right and left elbow, then by right and left hand then by then upper back, and then by lower back. For baseline measurements subjects also rated pain intensity during the last three months.
Cases (neck/R-shoulder/L-Shoulder/R-elbow/L-Elbow/ R-hand/L-hand/upper back/lower back) were defined as subjects with a pain rating of 3 or more on the 0-9 scale. A cut-point of 3 for cases was chosen based on a previous study by Kaergaard and coworkers [19] showing that pain intensities at 3 is a relevant cut-point for increased prevalence of clinical findings. Thus, pain intensities of 0-2 can be considered minor or no pain from a clinical perspective. Therefore subjects with pain intensities of less than 3 were defined as non-cases.
Participants rated work disability at baseline and followup by the work module of the Disability of the Arm Shoulder and Hand (DASH) questionnaire, which has previously been validated among industrial workers [20] : "In the past week did you have any difficulty:" (1) "using your usual technique for your work?", (2) "doing your usual work because of arm, shoulder or hand pain?", (3) "doing your work as well as you would like?" and (4) spending your usual amount of time doing your work?". Participants replied on a 5-point Likert scale from 'no difficulty' to 'unable'. The work disability score was normalised on a scale of 0 to100, where 100 represents the highest level of disability [21] .
Statistical analyses
We performed analyses in accordance with the intentionto-treat principle, and used repeated measures analysis of variance to determine between-group differences in pain intensity for each body region. We did not impute missing data as all methods of data imputation have limitations [22] . Instead we used the MIXED procedure of SAS which inherently accounts for missing data. Group (TG1 and TG2) and time (baseline, 1. follow-up and 2. Follow-up) and group by time interaction was entered in the model as fixed effects. Participant and cluster were entered as random effects. Analyses were adjusted for baseline pain intensity. We used the SAS statistical software for the analyses (SAS institute, Cary, NC, version 9.2), and accepted an alpha level of 5% as statistically significant. These analyses were also performed for cases at baseline (pain intensity of 3 or more on the 0-9 scale).
In case of a significant intervention effect post hoc test were included in the ANOVA to look for changes between and within groups from baseline to 20 week follow up and from 20 week follow up to one year follow up. Post hoc chi-square tests were used to look for differences in clinical significant changes (2 or more on the 0-9 scale) between groups. All analyses were controlled for gender. We report baseline results as means (SD) and between-group differences at each time-point as least square means (SE).
The vast majority of the study group was right handed and the work tasks were often defined as being performed by the right hand independent on handedness. Therefore we did not report results for dominant versus nondominant limbs but for right and left.
Results Table 1 shows baseline characteristics for TG1and TG2. Except for gender there were no significant differences between groups. Pain in L-shoulder, L-elbow and Lhand were very low and with no significant changes during the intervention (data not shown).
Adherence: 87% of the participants in TG1 trained regularly during the first 20 weeks and 67% reported a training frequency of 2-3 times a week. 85% of the participants in TG2 trained regularly from June 09 to January 10 and 60% reported a training frequency of 2-3 times a week.
Musculoskeletal pain and disability: Intention-to-treat analysis across the one year intervention showed a significant time effect for pain in neck, R-shoulder, R-elbow, R-hand, upper back and lower back and DASH to decrease (p < 0,01-0,0001). This resulted in significantly lower values for pain in all these regions and for DASH at one year follow up compared to baseline in both groups (Figures 2, 3) .
There was a significant group by time effect for pain in the neck, R-shoulder, R-hand and lower back and for DASH (p < 0.001 for Neck and DASH; p < 0.05 for Rshoulder, R-hand and low back). Changes in pain in these regions and changes in DASH followed the same pattern: From identical baseline values, pain and DASH in TG1declined more than in TG2 resulting in significant differences between groups at 4 months follow-up (Figures 2, 3(a,b,d,f ) ). Between 4 months and one year follow-up pain and DASH declined in TG2 with no significant change in the TG1 resulting in identical values for both groups at one year follow up (Figures 2, 3(a,b,  d ,f ), Table 2 ).
Secondary analysis looking at cases only showed significant intervention effects for pain in the neck, Rshoulder, upper back and low back (p < 0.001). The time wise changes were larger than in the intention to treat analyses but followed the same pattern with the greatest decline in pain in TG1 between baseline and 20 week follow up, and a decline in TG2 with no significant change in the first training group (or for the right shoulder an increase in pain) between 20 weeks and one year follow up (Figure 4 (a,b,e,f ), Table 3 ). Figure 5 shows the result of post hoc analyses of the distribution of the percentage of subjects in each training group with clinically significant reductions in pain (2 or more on 0-9 scale) between rounds.
Discussion
The main finding of this one year intervention study is that the largest effects in terms of decrease in musculoskeletal pain and disability was attained during the periods of organized and supervised strength training, irrespective of the time of the season. The study had an effect on pain in Neck, R-shoulder, R-hand and upper and lower back as well as on DASH as a result of the supervised training Figure 3 Pain intensity the last 7 days in six regions at baseline, at 20 weeks follow-up and at one-year follow up. TG1 = first training group; TG2 = second training group; a-f = graph number. Error bars = SE. * significant time by group effect.
intervention period. Another important finding is that having participated in such strength training for 20 weeks initially in the study a long-term effect was attained, i.e. the decrease of musculoskeletal pain and disability was maintained at one-year follow-up. According to questionnaires regular adherence was achieved by 87% of the participants in TG1during the first 20 weeks and by 85% of the participants in TG2 from June 09 to January 10. At the one year follow-up around 40% did not reply to the questionnaire with no significant difference between TG1 (41%) and TG2 (38%), so although being a waiting list group motivation and concomitant adherence was not lower in TG2 compared to TG1. However, this also highlights the difficulties in obtaining high follow-up response rates in long-term research studies. To account for the missing replies we used a statistical procedure which inherently accounts for missing values, i.e. the mixed procedure.
There was a significant time effect for pain in all regions and DASH showing significantly lower values after one year follow-up compared to baseline (Figures 2, 3) . Thus for TG1 self-administered training did not reduce pain further but pain was kept on the new reduced level probably due to training as without training we would expect an increase in pain in the autumn, due to normal seasonal variation [23] herhaps due to physical activity normally being highest in summer and less in the winter. Accordingly pain and disability index decreased in TG2 in the spring due seasonal variation (Figures 1, 2) .
This study adds to the earlier published results on pain in shoulder, neck and forearm as well as DASH [14, 15] by documenting an effect also on R-hand and upper and lower back as well as the long-term maintenance of the positive effects. Beaton et al. showed in a case series design (uncontrolled longitudinal study) that DASH was responsive to treatment, i.e. DASH scores decreased with 12 weeks of treatment in 200 patients with wrist/ hand or shoulder disability. The mean overall differences in changes in pain between groups ( Figure 3) were up to 0.7 which is less than the minimal perceptible change on an individual basis [24] and much less than the minimal value of 2 for a clinical significant individual change [24] . For cases only the mean changes were higher (1.06 to 1.82; Figure 4 ). Small effect sizes like these are normal with clinical trials and it may be more informative to examine the distribution of responses between treatment groups [24] . Therefore we looked at the number of subjects having clinical significant reductions (i.e. a decrease of at least 2 on a ten-point scale) in pain ( Figure 5 ) and found significant differences in the distribution of changes between groups with the highest reductions in the actual training groups ( Figure 5 ). For the neck these changes were significant between groups after both intervention periods and for cases as well as for all subjects. For right shoulder and upper and lower back there were significant differences between changes in groups for some combinations of periods/ITT/Cases suggesting clinically significant intervention effects. For right hand there were no significant differences in the clinically significant changes between groups.
These distributions of differences in changes between groups presents additional evidence for the effect of physical training on neck pain as reported in systematic reviews [6, 7] as well as the evidence of a moderate effect of training on low back pain [6, [25] [26] [27] . It also supports a few high quality studies showing effectiveness of training on shoulder symptoms [28, 29] and combined neck/ shoulder symptoms [9, 22] . Our study was unique in reporting an effect of strength training on upper back pain among cases. To our knowledge this has not been reported in previous training intervention studies. The shoulder girdle attaches by muscles to the scapula and the back of the thoracic rib cage. These upper back muscles are prone to developing irritation that can be painful. In clinical practice pain complaints from the neck, the shoulder girdle, and part of the shoulder go together [30] . Neck, shoulder, and upper back muscles are all involved during repetitive movements/activity of the arms with a common effect on all three regions. Importantly this study report results on laboratory technicians as opposed to other occupational groups reported in the above mentioned studies. The small but significant effect on R-hand pain may be due to a change in central pain perception, which is known to be altered in chronic pain conditions [31] . A change in neck pain could result in beneficial changes in overall pain perception and a decreased pain sensitization. A previous study showed central adaptations of pain perception in response to neck/ shoulder rehabilitation, i.e. pressure pain threshold increased also in other non-trained parts of the body [11] .
The limited evidence for a clinical effect on R-hand pain and no evidence for an effect on elbow pain could be due to low power as a result of low pain at baseline compared to pain in Neck, Shoulder, Low back and Upper back. Recently we showed an effect of a one year training intervention on pain in right elbow and right hand [8] among office workers. Increasing the training periods for TG1 + TG2 might have resulted in more significant results for pain in R-elbow and R-hand.
Participants in TG1 were allowed to continue training until January 2010 in spite that their supervised training period ended medio 2009, but they did not receive any guidance from the training instructors and were not provided with new training diaries. As a result TG1 may have performed very limited amount of training in the autumn. An important novel finding in this study was that the effect of training on pain in TG1 lasted half a year after the intensive supervised period. This is in line with a previous study on office workers with chronic neck muscle pain, where pain relief as a result of strength training was prolonged and unchanged 10 weeks after the intervention [32] . We therefore cannot rule out if the prolonged pain reduction in TG1 in the autumn was a result of continued training or a prolonged effect of the training in the first intervention period or a combination on both. Lack of supervision may partly explain the lack of further reduction in pain in TG1 in the autumn as supervision seems to be a precondition for a training intervention effect [6] .
The significant intervention effect on DASH although small points to an increased ability to work as a result of strength training and ads to the positive results of the training intervention.
As reported earlier employees with higher pain levels were more interested in participating than those with lower pain levels [14] suggesting that pain per se was no hindrance for participating.
The intention-to-treat analysis, showed only small average changes in pain, but including all employees instead of only subjects with pain [33] [34] [35] [36] [37] reveals the overall impact of the intervention and thus the public health perspective.
The present study has both limitations and strengths. Using a cluster RCT design with a high number of participants increases statistical power of the study. Further, to increase external validity and generalizability we included both public and private sector companies. A limitation is the possible influence of placebo in behavioral interventions. Further, a limitation is that the first intervention group was not monitored for training adherence during the second period where they acted as controls.
Conclusions
Specific strength training at the workplace can lead to significant long-term reductions in spinal and upper extremity pain and DASH. The pain reductions achieved during the intensive training phase with supervision appears to be maintained a half year later, i.e. follow up with self-administered training can keep pain on a low level but does not result in further pain reduction. Time wise Changes within groups (0 = second intervention group, 1 = first intervention group ) for Pain and disability index (DASH) and pain intensity (0-9 scale) the last 7 days in the Neck, Right Shoulder, Upper Back and Low Back (Time: 1 = baseline, 2 = 20 weeks follow-up and 3 = one-year follow up). P-value for post hoc t-tests.
Figure 5
Percentage of subjects with reductions in pain intensity of 2 or more on a 0-9 scale in five different body regions. Intentionto-treat (ITT) analyses among all participants (left column). Participants with pain > = 3 at baseline (right column). On the x-axis 1-2 denotes changes during the first intervention round where the first training group (black bars) performed specific strength training, and 2-3 denotes changes during the second intervention round where the second training group (white columns) performed specific strength training. * significant differences between changes in TG1 and TG2 (chi-square test).
